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Interactivity as a Cognitive Process 



The Web is fast becoming a dominant means of mass communication. 

Unlike most older media channels, the Web can be configured to allow synergy 
between sender and receiver. Web users, by following links, using search 
engines and selecting items from pull-down menus, have the capacity to take a 
more active role in information consumption. And appropriate software now 
makes it possible for a user and a site to collectively construct meaning. This give- 
and-take process afforded by the new medium is described by many analysts as 
"interactivity." 

The effects of interactivity on users is the subject of debate. Some see the 
higher level of user activity leading to greater involvement by the user and, 
subsequently, more significant media effects. Others see the simple actions of 
Web users as no more significant than television viewers' channel-changing 
habits or readers' page-turning behavior. In this latter view, interactivity is of no 
special relevance. 

In this exploratory study we propose and test a model of interactive 
information processing. Specifically, we suggest that characteristics of a user and 
of a Web site both influence the level of interactivity employed by the user. 
Interactivity, in turn, will influence information processing strategies. And those 
strategies will work to influence knowledge acquisition. 

Study participants spent time on one of two science Web sites, and their 
activities were recorded. We also asked participants to "think aloud" while they 
looked at Web site content as a means of accessing their thought processes. We 
hoped to reach some conclusions about how Web site features affect an 
individual's information processing. 
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Interactivity: Origins and Related Terms 

The study of interactivity predates the current fascination with new, so-called 
"interactive technologies" and the new forms of communication these inventions 
are enabling. Goffman (1967) studied face-to-face "interaction" and concluded 
that it is not something to be analyzed at the level of individuals but, rather, 
involves "the syntactical relations among the acts of different persons mutually 
present to one another" (p. 2). Others have applied this idea of co-presence to 
mediated forms of communication and describe what (sometimes) happens there 
as "interactivity" (Rafaeli, 1988). For Goffman, communication was just one of 
many things that can occur during an interaction. But Rafaeli sees full 
interactivity as just one of many things that can occur during communication. 
Some communication, under this conceptualization, is not interactive. A 
message received, but not replied to, is one-way and non-interactive. Some 
response, or feedback, is required to achieve interactivity. Indeed feedback, in 
the Westley and MacLean (1957) sense of the term, is equated by many scholars 
with interactivity (Rice, 1988; Newhagen, Cordes & Levy,1995). Newhagen 
(1997) suggests using the term "cybernetic feedback," which is borrowed from 
early work in engineering. 

Other terms have been used to describe the same, or similar, processes. 
Bordewijk and van Kaam (1986) proposed several models of "tele-information 
services." The two that most closely resemble interactivity are their 
"consultation" and "registration" models. In the former, an information 
company holds data that is accessed (or consulted) by those who want it; in the 
latter, individuals possess the data that the information company then seeks out. 
The authors do not use the word "interactivity," preferring instead the term 
."feedback." 
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Ball-Rokeach and Reardon (1988) proposed the term "telelogic" to describe 
the process of talking or writing while separated geographically. They use both 
feedback and interactivity as dimensions of telelogic. This framework has been 
applied to Internet research (Ogan, 1993). Similarly, Steuer (1992) uses 
interactivity as one dimension of "telepresence," a concept used to characterize 
the "realness" of virtual realities. 

However, interactivity is the term most often used by scholars to describe the 
two-way nature of most new media technologies (Rafaeli, 1988; Saloman, 1990; 
Kipper, 1991; Hawkins & Pingree, 1997; Ha & James, 1998; Sunder et ah, 1999; 
McMillan, 1999). Scholars agree that interactivity is a defining component of 
new media technologies, but they have not yet reached agreement on how it is 
best conceptualized. 

Interactivity: Conceptualizations and measures 

Is interactivity just feedback? In mass communication models, feedback is 
typically illustrated by a dotted line from the receiver to the sender. This implies 
that the feedback signal is somehow weaker or less important than the primary 
signal (which moves from sender to receiver). It also implies that it comes after 
the original message sent by the mass communicator. Further, it comes back not 
along the same channel as the primary signal but through some other channel. 
Typical forms of feedback are indirect (circulation or ratings data) or infrequent 
(letters to the editor, calls to the station, etc.). 

Does this model adequately reflect communication that takes place on the 
Internet - the channel most frequently described as interactive? There, messages 
sent by individuals often precede those sent by mass communicators (by use of a 
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search engine for example). These messages are not infrequent and are certainly 
more direct. The signals also travel through the same channel as that used by the 
mass communicators. So "feedback" in the traditional sense is not an adequate 
term to describe the style of communication occurring online and elsewhere. 

Where does interactivity reside? 

Researchers pursuing human-computer interaction have placed emphasis on 
different components of the exchange. These approaches can be grouped in 
three categories (McMillan, 1999). One approach is to focus on the individual 
and to determine if his or her behaviors are interactive and what effects such 
interactivity might have (Saloman, 1990; Walther, 1994; Hawkins & Pingree, 
1997). For example, Salomon (1990) focused on the cognitive effects of computer 
use on schoolchildren. 

Another approach is to focus on characteristics of communication channels 
and to draw distinctions between new and old media (Rice & Williams, 1984; 
Rice, 1988; Williams, Rice and Rogers, 1988; Kipper, 1991; Steuer, 1992; 
Newhagen, 1997). This is a structural approach to interactivity. Steuer, for 
example, devised an interactivity scale with print media on the low end and 
electronic media such as computer games on the high end. 

The third perspective is that offered by Rafaeli (1988). He dismisses the 
structuralist approach: "Interactivity is not a characteristic of the medium. It is a 
process-related construct about communication" (Rafaeli & Sudweeks, 1997). He 
proposes that an exchange of communication is only interactive if each party is 
responding to the other in a meaningful way. Rafaeli defines interactivity as: 
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An expression of the extent that in a given series of communication 
exchanges, any third (or later) transmission (or message) is related 
to the degree to which previous exchanges referred to even earlier 
transmissions (1988, p. 111). 



This conceptual definition has been used in a number of studies (Newhagen, 
Cordes & Levy, 1995; Rafaeli & Sudweeks, 1997; Sundar, Brown & 
Kalyanaraman, 1999). 

These different approaches to studying interactivity produce correspondingly 
different ways of operationalizing it. A simple diagram illustrates this point (see 
Figure 1). 



[Figure 1 about here] 



In human-computer interaction (perhaps the most common type of interactivity 
currently under study) the "interactivity" in the diagram is depicted by the 
arrows. These are the messages or signals sent back and forth between the 
agents. But this is not what most researchers measure. Instead, researchers focus 
on either the H (studying individual users) or on the C (the structuralist approach 
referred to above) or both. 

The focus on users or structures is a practical consideration. To focus on 
interactivity as a communicative process (as Rafaeli advocates) requires access to 
the messages sent by both (or all) parties. This is easily done where such a 
record already exists, as it does for online discussion groups (Rafaeli & 
Sudweeks, 1997). But for much computer-mediated communication such a 
complete record of messages sent and received is hard to isolate. In many cases 
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information from users can be difficult to obtain for proprietary reasons. So 
researchers have focused their attention on either end of the communication 
process using (in most cases) an implicit rather than explicit conceptualization of 
interactivity. 

Our conceptualization for interactivity 

Most researchers use the words "two-way" when describing interactive 
communication. We believe at least two communicators must be involved, each 
operating as an intentional sender and receiver. This is in line with Rafaeli's 
conceptualization which requires related messages to be exchanged and built 
upon by two (or more) parties. Further, reactive (Rafaeli, 1988) communication 
that involves only one response to a message is not deemed fully interactive 
because the second party sees no response to his or her message. Such reactive 
communication actually typifies traditional mass communication where the 
consumer 's "message" or feedback often consists only of purchasing the paper 
or subscribing to the cable channel. The exchanged messages must be related 
and responsive to each other (for example talking "with" rather than "at" 
someone). 

We believe these few criteria define "interactivity." Some researchers also 
believe that the speed of the exchange is also a dimension of interactivity. While 
Rafaeli (1997) describes interactivity as "simultaneous" message exchange, there 
is little reason to believe that asynchronous exchanges (such as e-mail or voice 
mail) are not interactive. We see this as an attribute of media channels rather 
than a dimension of interactivity itself. 
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Interactivity operationalized 

This study compares the use of two science-oriented Web sites. The 
participants in interactivity are, therefore, individual users on one side and the 
Web sites (and the organizations behind them) on the other. When a user arrives 
at a Web site and begins reading (or "viewing") an initial message from the Web 
publisher has been sent and received. The user may then choose to select a link 
or use a search engine to obtain additional information. This is message-sending 
activity on the part of the user. If the link or search engine works, then the 
request will be received by the Web server and a new message sent in response. 
These three messages (two by the Web site and one by the user) form the 
necessary trio required for interactivity. By recording each of the interactive 
instances, an interactivity "score" can be calculated for the session. 

Message sending activity by a user (using either a keyboard or mouse) that 
results in a corresponding (and responsive) change in screen content is, therefore, 
our operationalization for interactivity. . 

t 

Web site structure 

Rafaeli insists, and we agree, that communication can be more or less 
interactive and the variable is therefore continuous (1997). While it may be 
appropriate to describe one medium as more interactive than another, the 
evidence for this should be found in the proportion of message-sending being 
done by each party rather than in the structural characteristics of the channels. A 
medium that appears to support interactive communication may nevertheless be 
used in much the same way as a unidirectional medium. 
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The structural characteristics of any medium, however, do place limits on the 
type of communicative exchanges that are possible there. Steuer (1992) defines 
interactive media as those that allow users to modify the mediated environment 
and includes speed and range among their dimensions. In this view, media that 
allow users many opportunities (range) to alter content quickly are the most 
interactive. 

This study involves a comparison of two publications presented on the same 
channel (the World Wide Web), so there will be no significant differences in the 
speed of interactions. The range, or the amount of interactive options available 
to users, will be varied in order to examine the impact of range on interactivity. 

We operationalize interactive Web site structure as the degree to which users 
are offered choices that allow them to alter the content they consume. These 
options include hypertext links, search engines and rollover graphics. 



Web Experience 

Another precursor to interactive behavior resides in the characteristics of 
users. Many individual traits could affect a person's interest in interactive 
communication. Among these, and of special interest for this study, is 
experience with the medium, in this case the Web. Researchers have identified a 
link between a person's previous experience with an activity and her current 
efficacy level toward that behavior (Bandura, 1994). As one's comfort level with 
a behavior rises, so does the likelihood of engaging in that behavior in the future. 
We operationalize web experience as the amount of self-reported Web use in a 
typical week (either for personal or work-related reasons). 
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Cognition and the Web 

Communications researchers studying interactivity have focused either on the 
structural features of channels allowing two-way discourse or on the actions of 
those using these structures. So far, relatively little attention has been paid to the 
cognitive activities of those engaged in interactive behavior. One purpose of this 
study is to identify the types of cognitive information processing activated 
during interactive media use. 

Cognitive science is certainly a natural fit for study in this area. The field is 
historically interdisciplinary and uses the computer as a metaphor for 
understanding the workings of the human mind (Gardner, 1985). Human 
perceptions, such as vision, have been described by cognitive scientists as 
interactive processes (Gibson, 1966; Shaw & Bransford, 1977). 

The human-computer metaphor has been extended to information processing 
(Simon & Siklossy, 1972). Under this conceptualization, an individual takes in 
information through the five senses and stores it in temporary (or "working") 
memory before transferring some of it to long-term memory and storing it in an 
associative network, sometimes referred to as "schemata" (Rumelhart, Lindsay & 
Norman, 1972; Wicks, 1992). 

Rehearsal 

Individuals employ a number of strategies to embed new information in 
memory. One such strategy is rehearsal (or repetition of information), also 
referred to as cognitive maintenance. The use of flash cards to remember 
multiplication tables is a typical rehearsal strategy. While not necessarily the 
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best means of storing information in memory, this strategy has been 
demonstrated to improve rote recall (Belmont & Butterfield, 1971). 

In the context of information processing during Web use, cognitive rehearsal 
is simply the reading of material presented with no effort made to connect it to 
related material (either from prior knowledge or material presented 
simultaneously) . 

Elaboration 

For retention of more complex information, another strategy is considered 
especially effective. That strategy - cognitive elaboration - is of particular 
interest in this study. When an individual encounters a new piece of 
information, he or she may connect it to related, preexisting knowledge or to 
other information encountered at the same time. The more connections the 
individual makes, the more he or she is "elaborating" on it and the more strongly 
held in memory this new information should be (Anderson & Reder, 1979; 
Anderson, 1985; Eveland & Dunwoody, 2000). Information that an individual 
connects to previously held information will become embedded in that person's 
"associative network," while information that is merely noticed will be held (if at 
all) in relative isolation. A wide body of literature examines the role of cognitive 
elaboration on memory and learning. Reviews of some of that work in 
educational and cognitive psychology (Estes, 1988; Greene, 1992) conclude that 
processing information elaboratively improves performance on memory post- 
tests. 

Much of the research on cognitive elaboration has focused on learning from 
text (Baker, 1989; McDaniel & Einsten, 1989; Hamilton, 1997). Now scholars are 
beginning to apply these techniques to hypertext (or hypermedia) as it appears 
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on the Web (Eveland & Dunwoody, 2000). Material presented in this fashion 
allows for "interactive reading" (Burbules & Callister, 1996). In this case, "the 
reader becomes the constructor of his/her unique text" (Lawless & Kulikowich, 
1996, pi 386). But how much flexibility does one truly have in a hypertext, or 
hypermedia, environment? It is up to the document's designer. A nonlinear 
text, while still finite, can be designed so users with diverse backgrounds can 
navigate the text according to their individual needs and interests (Fredin, 1997). 

If the user, while reading material presented this way, makes meaningful 
connections between new information and that already held in memory, 
cognitive elaboration is occurring. 

(Dis)Orientation 

A drawback to hypermedia presentations that was recognized by several 
researchers in the 1990s is disorientation (Landow, 1991; Foltz, 1996; Rouet & 
Levonen, 1996; McDonald & Stevenson, 1996). As users follow links into a 
hyper-document they can lose track of where they are with respect to the 
information "space." Disorientation has been demonstrated to have an 
inhibiting effect on learning because effort spent on orienting behavior draws on 
limited cognitive resources (Marchionini, 1988; Tripp & Roby, 1990; Mayes, 
Kibby & Anderson, 1990). This is the so-called "cognitive load" effect. 

Previous research on how people process information during hypermedia 
exposure has revealed orientation to be the most common cognitive activity 
(Eveland & Dunwoody, 2000). The researchers predicted, however, that this 
might change over time. As people become more accustomed to using the Web 
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and designers improve the navigability of Web sites, the need for cognitive 
orientation may diminish. 

Learning from media 

A great deal of research has focused on learning from media and the influence 
of structural differences on knowledge acquisition as measured by recall (a 
review appears in Neuman et al., 1992). Because most media use is not 
specifically goal-oriented, retention of information is usually low, regardless of 
medium. Experimental and survey research most often finds print media 
superior to broadcast media for knowledge acquisition (Fumham & Gunter, 

1989; Wicks, 1992; Halpem, 1997). However, this may not stem from structural 
characteristics of the media. Survey research that measures only "time spent 
with" rather than attention can underestimate knowledge acquisition from 
television (DeFleur et al., 1992). And there is some evidence of cognitive 
differences in the way visual information is processed when compared with print 
that requires a different experimental measure of knowledge acquisition 
(Shoemaker, Schooler & Danielson, 1989). 

Certain characteristics of individuals may affect their performance on memory 
tests. Interest in the subject is a major contributor to recall and comprehension of 
stories in the media (Berry, 1983; Booth, 1970-71; Woodall, Davis & Sahin, 1983). 
A related factor is prior knowledge on a subject. A person with an extensive 
background in a subject is more likely to find a place to connect new information 
in his "associative memory network" than a person who is new to a topic. 
Knowledge of current events is a great predictor of recall and comprehension of 
new stories in the news (Price & Zaller, 1993; Woodall, Davis & Sahin, 1983). 
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There are a number of ways to quantify knowledge acquisition. The four 
most common are tests of knowledge using free recall , cued recall, recognition, and 
comprehension. For free recall, study participants are asked to remember anything 
they can from a media use session. Cued recall is used to activate certain areas of 
knowledge (who, where, etc.) and gives participants a place to begin. 

Recognition involves closed-ended questions and has been suggested as the most 
appropriate measure for knowledge gain from broadcast media (Shoemaker, 
Schooler & Danielson, 1989). Comprehension involves more than the knowledge 
of independent facts, instead requiring an ability to integrate those facts into a 
meaningful "system." This study employs a cued recall measure of knowledge 
acquisition. 



Theoretical Model and Hypotheses 

The conceptual discussion above leads us to the following model of interactive 
information processing (Figure 2). 



[Figure 2 about here] 



The model shown in Figure 2 can be considered in two halves - labeled the action 
phase and the cognition phase. The action phase concerns the actual physical 
actions of users. We propose here that the amount of interactive behavior in 
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which an individual engages is a function of the structural characteristics of the 
medium (in our case Web sites) and individual user traits (such as Web 
experience). Specifically, we predict: 

HI: A Web site with a greater range of user options will be associated with 
higher levels of interactivity than one with a lower range of options. 

and; 

H2: Individuals with high levels of Web use will engage in more interactive 
behavior than individuals with low levels of Web use. 

If the action phase hypotheses are correct, experienced Web users on a complex 
Web site will exhibit the highest levels of interactive behavior while users with 
less experience on a site with fewer options will exhibit the lowest levels of 
interactive behavior. If these hypotheses are confirmed, we will be able to do a 
between-groups comparison of the effects of action on cognition. 

The cognition phase concerns mental activities - how the user processes 
information and the effects of that cognitive activity on knowledge gain. We 
propose here that two types of cognitive effort - elaboration and rehearsal - will 
promote knowledge acquisition while another, orientation, will not. 

Interactive behavior can be coupled with any of the cognitive information 
processing outcomes, but we propose that elaboration is the most likely 
precursor. This follows from Rafaeli's (1988) conceptualization of interactivity. 
Under his definition, interactivity is "the extent to which communication reflects 
back on itself, feeds on and responds to the past" (Newhagen & Rafaeli, 1996, p. 
6). This can only happen when an individual relates incoming information to 
other information and responds to it accordingly. Cognitive elaboration must 
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occur for a user to make a meaningful response to a message received. Only in 
this case can the interactive behavior (i.e. message sending) of the user be 
characterized as truly interactive. The bold portions of Figure 2 reflect this 
hypothesis: 

H3: Greater interactive behavior should lead to a greater proportion of 
cognitive elaboration 

The think-aloud method we will use to measure cognitive processing allows us 
to determine exactly when it occurs relative to interactive behavior. Therefore, 
we can test this hypothesis: 

H4: Interactive behavior and cognitive elaboration should be coupled 
temporally. 



A previous study (Eveland & Dunwoody, 2000) suggested that high levels of 
disorientation might be coupled with user inexperience with the Web, leading us 
to predict: 

H5: Higher levels of Web use will be associated with a reduced need for 
orientation 

Finally, because elaboration has been demonstrated to improve storage of 
information in memory, it follows that a higher level of truly interactive behavior 
(message sending coupled with cognitive elaboration) should do the same. 
Therefore: 




H6: Users involved in greater amounts of interactive behavior should 
have greater recall of Web site content. 
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Methods 

A think aloud protocol was selected as a means of glimpsing information 
processing strategies of individuals using the Web. Under this methodology, 
users are instructed to express verbally the thoughts they are having as they 
navigate through a web site. This method of data collection has been defended 
most vigorously by Ericsson and Simon (1993) and is used regularly in such 
fields as education (Calvi, 1997; Hill & Hannafin, 1997) and engineering (Carmel 
et al., 1992; Darken & Sibert, 1996). 

Research on think-aloud protocols shows that the act of verbalizing does not 
greatly alter the actions or thoughts of the experimental participant (Ericsson & 
Simon, 1993). As long as the instructions given users are non-directional such as, 
"Try to think aloud, as if you are alone and talking to yourself," the person's 
thought processes should be relatively unaffected by talking out loud. During 
the think-aloud process, participants were not asked to "explain" their behaviors, 
as this has been found to change subsequent behaviors. 

The think-aloud method provides a verbal record of cognitive activity that can 
subsequently be coded for maintenance, elaboration and orientation behaviors. 



Participants 

The think aloud procedure produces a large volume of verbal data and coding 
per respondent and analysis is lengthy. Because of this, a relatively small 
number of participants — 20 — was selected. Since statistical controls for 
individual differences that might affect user activity would be impossible for a 
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sample of this size, we controlled for differences using a purposive, rather than 
random, sample. Participants were drawn from those who responded to 
advertisements in a medium-sized Midwestern city. They were compensated for 
their time. An equal number of male and female participants were selected. 

To control for participant interest, one topic, science, was selected as the 
content area for study. Participants were asked to rate their interest in various 
subjects on a ten-point scale. Those who responded with 7 or above on science 
were placed in a candidate pool from which the final 20 study participants were 
selected based on the criteria outlined above. The 20 subjects rated their interest 
in science a mean 8.7, compared to 6.1 for all callers. 

Respondents reported an average of 11.9 hours of Web use in a typical week. 
We selected participants with high Web use (defined here as 15 or more hours 
per week) and low use (7 or less hours, but not zero). Our resulting low-use 
group had a 2.7 hour mean and our high-use group a 25.0 mean. 

The participants had a minimum of "some college," most had a B.A. degree 
and a few had earned graduate degrees. Ten participants were in the $20,000 to 
$40,000 income bracket, nine in the under $20,000 bracket, and one in the $60,000 
to $80,000 bracket. None of the participants was currently an undergraduate; 
four were in graduate or professional degree programs, and the rest were 
employed. Participants ranged in age from their early 20s to late 40s. The mean 
age range for each study condition was 35-39. 



Conditions 

Study participants were randomly assigned (by last digit of home phone 
numbers) to either the high or low "user options" Web condition. The low- 
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option Web site selected for study was The Why Files (www.whyfiles.org), a 
Web magazine devoted to science topics currently in the news. At the time of 
data collection, stories on The Why Files were primarily presented as text, with a 
small number (typically five or less) of link options per screen. Rarely on this site 
were users asked to use their keyboard or mouse to provide information that will 
alter screen content. 

The Exploratorium Museum of Science, Art and Human Perception Web site 
(www.exploratorium.edu) was selected as the high-option condition. Web 
visitors are often asked to use their keyboard and mouse to affect on-screen 
changes in content. Stories on the Exploratorium site contain a large number of 
hypermedia links per screen (typically a dozen or more). Many stories 
use"interactive modules” that allow readers to key in data that are incorporated 
in the presentation. 

The content of these sites is similar, but certainly not equivalent. Each site, for 
example, had a story about the solar max phenomenon. There were numerous 
other areas of content overlap as well. 



Procedures 

The 20 selected subjects participated individually in a 30-minute Web surfing 
session during which they were asked to "think aloud.” Each individual first 
practiced the think-aloud technique on a number of warm-up exercises including 
a visit to the Web site www.howstuffworks.com. Each participant could use 
either a PC or an iMac computer and either Netscape or the Internet Explorer Web 
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browser. The computers were connected to the Internet by a high-speed 
Ethernet line. A VCR was used to record the screen images during the Web 
browsing exercise and the voice of the participant was captured simultaneously. 
A clock on the computer screen displayed the time in seconds so that instances of 
user activity and resulting cognitive behavior could be temporally isolated. 

Study participants started at the home page of their assigned Web site. They 
were allowed to follow any links, including those that took them to other Web 
sites. Most participants who did this returned without guidance, but one became 
"lost" and requested assistance in returning to the original Web site. The 
principal investigator supplied that user with the appropriate Web address and 
the participant continued the session without further difficulty. 

At the conclusion of the sessions, each participant was asked about one 
"story" or area of the Web site where they spent at least three minutes (mean of 
7.5 minutes) during the middle of their session. Study participants were never 
asked about the last five minutes of their session, as recall should be higher with 
a short interval between exposure and questioning. For this portion of the study 
results from four of the 20 participants could not be used because the user either 
never spent more than three minutes on one section, or spent the entire session 
on one part of the assigned Web site. The total number of words spoken during 
recall, as well as total number of words about site content (as opposed to 
navigation) were used as recall measures. 
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The key variable of interest - information processing style - was determined 
based upon the comments made by each participant during the think-aloud 
session. For each 10-second interval the user's comments were coded as either 
rehearsal, elaboration or orientation. 

The "rehearsal" code was selected when study participant merely read from 
the screen or rephrased the information without the addition of other facts or 
personal opinions. 

"Elaboration" was defined as any comment demonstrating a connection of 
currently encountered information to prior knowledge, including connections 
made to other information from this episode of Web use. This also includes any 
affective evaluation by the user, such as "that's not true," or "I like this topic" as 
such statements assume prior knowledge or experience by the study participant. 

"Orientation" was coded whenever a user made a comment about site 
navigation, such as "Let's try this and see where it takes us," or "I'm lost," or 
"now I've figured out where I am." 

Coding and Reliability 

Every 10-second interval of each participant's 30-minute Web browsing 
session was coded for Web site (either Why Files, Exploratorium, or other), user 
activity (keyboard inputting, mouse clicking, other mouse action not including 
scrolling, or none), information processing (rehearsal, elaboration or orientation), 
and domain (a comment about site content versus one about site structure or 
navigation). If more than one category for a variable occurred during the 10- 



O 

ERiC 



20 23 



Interactivity as a Cognitive Process 



second interval, the one that occurred for a majority (51 percent) of the interval 
was considered the proper code. A "mixed" code was used for each variable 
when multiple behaviors prevented any category from reaching 51 percent. 

A reliability test involving the principal investigator and another coder (a paid 
doctoral student) was conducted on the coding scheme. As the variables are all 
nominal, Scott's 71 was used to calculate inter-coder reliability. Reliability for the 

coding scheme was .83 overall, with individual variables ranging from .75 for 
information processing, .78 for domain, .85 for user activity and .93 for Web site. 

Results 



Action Phase 

The two Web sites were selected to maximize differences in interactive 
behavior while minimizing differences in content. The Exploratorium site, with 
content more elaborately hyper-linked and with more opportunities for user 
input, was selected on the assumption it would lead to more mouse and 
keyboard activity than The Why Files site. We also selected research participants 
with high and low web use on the assumption that their interactive behavior 
levels would vary accordingly. If these premises were correct we would expect 
the interactive behavior levels corresponding to those in Table 1 below. 



[Table 1 about here] 
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The results validate these assumptions. Table 2 below shows the percentage of 
time intervals during which users were engaged in activity that changed screen 
content. 

[Table 2 about here] 



The results demonstrate a sizable difference in interactive behavior of 
participants who spent time on The Why Files site (26% overall) compared to 
those who used the Exploratorium site (47%). This difference is significant 
(X 2 =93.0, df=l, p<.001) and confirms the first hypothesis. The more modest 
difference in interactive behavior for those with high (40%) and low (34%) Web 
use is also statistically significant (x 2 =8.4, df=l, p<.01) and confirms the second 
hypothesis. The action phase of our proposed model is supported by the data. 



Cognition Phase 

Hypothesis 3 predicts that higher levels of interactive behavior among users 
should encourage cognitive elaboration during Web use. Table 3 shows the 
percentage of comments coded as elaborations for each user group. 



[Table 3 about here] 
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These data exclude time intervals when a participant followed a link to an 
outside page and those time intervals that could not be coded as either rehearsal, 
elaboration, or orientation. The proportions are similar to the interactive 
behavior levels shown in Table 2 with the exception of the low use Why Files 
group. If our hypothesis had been correct, this cell would contain the smallest 
elaboration value instead of the second largest. This may be due in part to one 
participant in that cell whose behavior was very unusual compared to all other 
study participants (the subject’s comments were coded as 82 percent elaborative). 
Excluding this case from the data as a statistical flier would reduce that sub- 
group to 40 percent and yield a positive correlation between interactivity and 
elaboration, however that correlation would be very modest (Pearson's r=.ll, 
n=20). 

A post-hoc analysis of the effect of Web site structure and Web experience on 
cognitive processing is illuminating. Slightly more than half (51%) of the 
comments made by Exploratorium Web users could be categorized as 
elaborations compared to 42.5% for The Why Files users. The differences in 
information processing strategies between the two groups was statistically 
significant (see Table 4). 



[Table 4 about here] 
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Users of the Exploratorium site spent slightly more time in orientation behavior 
than those using The Why Files site, a pattern consonant with the 
Exploratorium's more complex structure, while those on The Why Files spent 
more time on rehearsal than those using the Exploratorium site. 

For Web experience, contrary to expectations, high-use study participants 
actually engaged in less cognitive elaboration than the low-use group (Table 5 
below). 

[Table 5 about here] 



We offer possible explanations for these contradictory findings in the conclusions 
that follow. 

While an overall increase in elaboration was recorded for users of the more 
interactive Web site, this cognitive work was not occurring more often during 
interactive behavior, as predicted in our forth hypothesis. An examination of the 
ten-second time intervals during which interactive behavior occurred reveals 
a large increase in orientation at those times, perhaps not surprising since this 
usually involved the traversing of hyperlinks (see Table 6). 



[Table 6 about here] 
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The increased orientation that occurs when users are navigating a site does 
reduce the other forms of information processing examined here (a cognitive 
load effect), but elaboration decreases only slightly while rehearsal is almost 
halved. There is almost a one-to-one correspondence between increased 
orientation and decreased rehearsal during time intervals involving interactive 
behavior. This result is the same when we look at the two Web site groups 
separately (Table 7 below). 



[Table 7 about here] 



Again we see large increases in orientation during user activity coupled with 
large decreases in rehearsal and smaller decreases in elaboration. There is no 
support for the forth hypothesis, but a competing hypothesis, that interactive 
behavior and cognitive orientation are temporally connected, is suggested by the 
data. 

The fifth hypothesis predicts that more experienced Web users will experience 
a decreased need for cognitive orientation. An analysis of all time intervals 
(n=2279) reveals almost no difference between high and low use groups (see 
Table 5 above). However, further analysis of the data does reveal an interesting 
distinction between the high and low Web use groups concerning cognitive 
orientation. While the groups are virtually identical while not engaged in 
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keyboard or mouse activity (orientation accounts for 13 percent of the behaviors 
of both groups), there is a difference in their orientation behavior during periods 
of interactive behavior (see Table 8). 



[Table 8 about here] 



These results, while suggestive of a difference between the high and low use 
groups, are not statistically significant at the .05 level. 

The final hypothesis concerns the recall of information by study participants. 
Users spent varying amounts of time on the sections of the Web site they were 
subsequently asked to recall. Since we would expect some correlation between 
time spent and the amount of information that was later recalled, we have 
adjusted the data here by dividing it by the number of minutes a user spent on 
the part of the Web site in question. 

As with their Web sessions as a whole, the Exploratorium users had greater 
interactive behavior levels (2.8 actions per minute) on the targeted recall sections 
compared to The Why Files group (1.4 actions per minute). This result is 
statistically significant (t=3.29, p c.Ol). 

The amount of cognitive elaboration on these sections is also higher for the 
Exploratorium group (3.3 elaboration intervals per minute) compared to The 
Why Files group (1.9 intervals) at a statistically significant level (t=2.91, p < .01). 

As predicted, the total amount recalled is also higher for the Exploratorium 
group (45.1 words per minute of attention) compared to The Why Files 
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participants (26.2 words) at a significant level (t=2.04, p <.05). A similar 
difference is found when we look only at content-specific recall (33.6 versus 18.7 
words per minute of attention). 

Additional Findings 

Our data suggest a substantial decrease in cognitive orientation from a similar 
study conducted three years earlier (Eveland & Dunwoody, 2000). Our findings 
indicate a substantial decrease, from nearly 40 percent in 1997 to 22 percent in 
2000 (Table 9 below). 



[Table 9 about here] 



The results are statistically significant. While the two studies use different units 
of analysis (individual "thoughts" versus 10 second intervals) we do not believe 
the large differences in the proportions of each information processing category 
can be explained by that fact. 



Conclusions 

The data presented here support the action phase of the interactive 
information processing model we proposed, but require a reconsideration of the 
cognition phase. Users of the more complex site did engage in more interactive 
behavior, demonstrate greater levels of cognitive elaboration, and subsequent 
recall of content. But a correlation between interactive behavior and elaboration 
across all 20 participants was not found, nor was a temporal connection found 
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between these variables. There are a number of possible explanations, the first of 
which goes to study design. 

In this quasi-experimental study, we chose to use actual Web sites rather than 
simulations and allowed participants great freedom in exploring them. This type 
of experience more closely mirrors actual media use and affords us greater 
external validity. But the cost is internal validity. The two sites, while similar in 
content, are certainly not the same. Variables other than interactivity may be 
responsible for increases in elaboration and recall found for the users of the 
Exploratorium site. 

Higher levels of Web use was found not to promote cognitive elaboration, but, 
perhaps, to hinder it. This was especially apparent for high-use participants 
assigned to the less complex Web site (The Why Files). This group recorded the 
lowest elaboration levels. It may be that, like television channel surfers, high-use 
Web browsers have a lower involvement level with relatively simple content. 
High-use participants assigned to the more complex site (Exploratorium) 
recorded the highest elaboration levels. 

It's possible that involvement or attention are intervening variables that need to 
be accounted for in our model. And it may be the case that what we would term 
"true interactivity" (interactive behavior coupled with elaboration) and 
meaningless interactivity ("surfing" or "browsing" behavior not coupled with 
elaboration) are both occurring. In this case both viewpoints on the value of 
interactivity could have merit. 

As predicted in previous research in this area (Eveland & Dunwoody, 2000), 
orientation behavior among research participants has declined over time. In 
both studies, research participants were "average citizens," not college 
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undergraduates. As the general population becomes more accustomed to using 
the Web, we would expect this trend to continue. 

Finally, and most promising for proponents of Web-based information 
systems, this exploratory study did find evidence of a greater amount of content- 
specific recall for participants assigned to the more interactive Web site. This 
result warrants further investigation. A more controlled experiment - one 
where the content does not vary from participant to participant - would be a 
logical next step. 



32 



o 

ERIC 



,29 



Interactivity as a Cognitive Process 



References 



Anderson, J. (1990). Cognitive psychology and its implications. San Francisco: 
Freeman. 

Anderson, J. & Reder, L. (1979). An elaborative processing explanation of depth 
of processing. In L. Cermak & F. Craik (Eds.), Levels of processing in human 
memory. Hillsdale, NJ: Lawrence Erlbaum. 

Baker, L. (1989). Metacognition, comprehension monitoring and the adult 
reader. Educational Psychology Review 1, 3-38. 

Ball-Rokeach, S. J. & Reardon, K. (1988). Monologue, dialogue, and telelog. 

In R. P. Hawkins, J. M. Wiemann, & S. Pingree (Eds.), Advancing 
communication science: Merging mass and interpersonal processes. 

Newbury Park, Calif: Sage. 

Bandura, A. (1994). Social cognitive theory of mass communication. In J. Bryant 
& D. Zillmann (Eds.), Media effects: Advances in theory and research. Hillsdale, 
NJ: Lawrence Erlbaum Associates, 61-90. 

Belmont, J. M. & Butterfield, E. C. (1971). Learning strategies as determinants of 
Memory deficiencies. Cognitive Psychology 2, 411-420. 

Berry, C. (1983). Learning from television news: A critique of the research. 
Journal of Broadcasting, 27, 359-370. 

Booth, A. (1970-71). The recall of news items. Public Opinion Quarterly, 34, 
604-610. 

Bordewijk, J. L. & van Kaam, B. (1986). Towards a new classification of tele- 
information services. Intermedia 14(1), 16-21. 

Burbules, N. & Callister, T. (1996). Knowledge at the crossroads: Some 
alternative futures of hypertext learning environments. Educational 
Theory (winter). 

Calvi, L. (1997). Navigation and disorientation: A case study. Journal of 
Educational Multimedia and Hypermedia 6, 305-320. 

Carmel, E., Crawford, S. & Chen, H. (1992). Browsing in hypertext: A 
cognitive study. IEEE Transactions on Systems, Man, and Cybernetics 22, 
865-884. 

Darken, R. P. & Sibert, J. L. (1996). Navigating large virtual spaces. 

International Journal of Human-Computer Interaction, 8(1), 49-71. 




ERIC 



30 



Interactivity as a Cognitive Process 



DeFleur, M.L., Davenport, L., Cronin, M., & DeFleur M. (1992). Audience recall 
of news stories presented by newspaper, computer, television and radio. 
Journalism Quarterly, 69, 1010-1022. 

Ericsson, K. A. & Simon, H. A. (1993). Protocol analysis: Verbal reports 
as data. Cambridge, MA: MIT Press. 

Estes, W. K. (1988). Human learning and memory. In R.C. Atkinson, R.J. 
Hermstein, G. Lindzey & R.D. Luce (Eds.), Stevens' handbook of experimental 
psychology. New York: John Wiley & Sons. 

Eveland, W. P. & Dunwoody, S. (2000). Examining Information Processing 
on the World Wide Web Using Think Aloud Protocols. Media 
Psychology, 2, 219-244. 

Foltz, P. (1996). Comprehension, coherence, and strategies in hypertext and 
linear text. . In J-F Rouet, J. Levonen, A. Dillon & R. J. Spiro (Eds.), Hypertext 
and cognition. Mahwah, NJ: Lawrence Erlbaum. 

Fredin, E. (1997). Rethinking the news story for the Internet: Hyperstory 
prototypes and a model of the user. Journalism and Mass Communication 
Monographs 163. 

Fumham, A. & Gunter, B. (1989). The primacy of print: Immediate cued recall 
of news as a function of the channel of communication. Journal of General 
Psychology, 116, 305-310. 

Gardner, H. (1995). The mind's new science. New York: Basic Books. 

Gibson, J. J. (1966). The senses considered as perceptual systems. Boston: 

Houghton Mifflin. 

Goffman, E. (1967). Interaction Ritual: Essays on face-to-face behavior. 

Chicago: Aldine. 

Greene, R. L. (1992). Human memory: Paradigms and paradoxes. Hillsdale, NJ: 
Lawrence Erlbaum. 

Greenwald, A.G. & Leavitt, C. (1984). Audience involvement in advertising: 
Four levels. Journal of Consumer Research, 11, 581-592. 

Ha, L. & James, E. L. (1998). Interactivity reexamined: A baseline analysis of 
early business web sites. Journal of Broadcasting and Electronic Media 42(4), 
457-474. 

Halpern, D. H. (1997). The impact of different operationalizations of the media on 
political knowledge and learning: A meta-analytic review. Paper presented at the 
annual meeting of the International Communication Association, Montreal, 




, r 



31 



34 



Interactivity as a Cognitive Process 



May. 

Hamilton, R. J. (1997). Effects of three types of elaboration on learning concepts 
from text. Contemporary Educational Psychology 22, 299-318. 

Hawkins, R. P. & Pingree, S. (1997). Measuring time frames of communication 
behaviors in computer use. Paper presented to the International 
Communication Association, Montreal, May. 

Hill, J. R. & Hannafin, M. J. (1997). Cognitive strategies and learning from 
the World Wide Web. Educational Technology Research & 

Development, 45(4), 37-64. 

Kipper, P. (1991). The Computer Television marriage. Television Quarterly, 25(3), 
13-19. 



Landow, G. (1991). The status of the navigation problem. In R. Furuta & D. 
Stotts, (Eds.), Proceedings of the third ACM conference on hypertext. New York: 
ACM Press. 



Lawless, K. & Kulikowich (1996). Understanding hypertext navigation 
through cluster analysis. Journal of Educational Computing Research 
14(4), 385-399. 

Marchionini, G. (1988). Hypermedia and learning: Freedom and chaos. 
Educational Technology, 8-12. 

Mayes, T., Kibby, M. & Anderson, T. (1990). Learning about learning from 
hypertext. In D. H. Jonassen & H. Mandl (Eds.), Designing hypermedia for 
learning. New York: Springer-Verlag. 

McDaniel, M. & Einstein, G. (1989). Material appropriate processing: A 
contextualist approach to reading and study strategies. Educational 
Psychology Review 1, 113-146. 

McDonald, S. & Stevenson, R. J. (1996). Disorientation in hypertext: The 
effects of three text structures on navigation performance. Applied 
Ergonomics 27(1), 61-68. 

McMillan, S. (1999). Health communication and the Internet: Relation 

between interactive characteristics of the medium and site creators, content 
and purpose. Health Communication 11(4), 375-390. 

Neuman, W. R., Just, M. R. & Crigler, A. N. (1992). Common knowledge: News and 
the construction of political meaning (chapters 5 & 6: Media matter; Learning 
from news). Chicago: University of Chicago Press, 78-109. 

Newhagen, J., Cordes J., & Levy, M. (1995). Nightly@nbc.com: Audience 



Interactivity as a Cognitive Process 



scope and the perception of interactivity in viewer mail on the internet. 
Journal of Communication, 45(3), 164-175. 

Newhagen, J. & Rafaeli, S. (1996). Why communication researchers should 
study the Internet: A dialogue. Journal of Communication 46, 4-13. 

Newhagen, J. (1997). The role of feedback in the assessment of news. 
Information Processing & Management 33(5), 583-594. 

Ogan, C. (1993). Listserver communication during the Gulf War: What kind of 
medium is the electronic bulletin board? Journal of Broadcasting and 
Electronic Media 37,177-196. 

Price, V. & Zaller, J. (1993). Who gets the news? Alternative measures of news 
reception and their implications for research. Public Opinion Quarterly, 57, 
133-164. 

Rafaeli, S. (1988). Interactivity: From new media to communication. In 

R. P. Hawkins, J. M. Wiemann & S. Pingree (Eds.), Advancing communication 
science: Merging mass and interpersonal processes. Newbury Park, Calif: 

Sage Publications. 

Rafaeli, S. & Sudweeks, F. (1997). Networked interactivity. Journal of 
Computer-Mediated Communication 2(4). 
http://www.asuc.org/icmc/vol2/issue4/rafaeli.sudweeks.html 

Rice, R. (1988). Issues and concepts in research on computer-mediated 
communication systems. Communication Yearbook 12, 436-476. 

Rice, R. E. & Williams, F. (1984). Theories old and new: The study of new 
media. In R. E. Rice (Ed.), The new media: Communication, research, and 
technology. Beverly Hills, CA: Sage, 55-80. 

Rouet, J-F & Levonen, J. (1996). Studying and learning with hypertext: 
Empirical studies and their implications. In J-F Rouet, J. Levonen, A. 

Dillon & R. J. Spiro (Eds.), Hypertext and cognition. Mahwah, NJ: 

Lawrence Erlbaum. 

Rumelhart, D. E., Lindsay, P. H. & Norman, D. A. (1972). A process model 
for long-term memory. In E. Tulving & W. Donaldson (Eds.), Organization 
of memory. New York: Academic Press. 

Saloman, G. (1990). Cognitive effects with and of computer technology. 
Communication Research 27(1), 26-44. 

Shaw, R. E. & J. Bransford (1978). Perceiving, acting and knowing. Hillsdale, NJ: 
Lawrence Erlbaum. 

Shoemaker, P., Schooler, C., & Danielson, W.A. (1989). Involvement with the 



ERIC 



33 



36 



Interactivity as a Cognitive Process 



media: Recall versus recognition of election information. Communication 
Research, 16, 78-103. 

Simon, H. E. & L Siklossy (1972). Representations and meaning : Experiments with 
Information processing systems. Englewood Cliffs, NJ: Prentice-Hall. 

Steuer, J. (1992). Defining virtual reality: Dimensions determining 
telepresence. Journal of Communication, 42, 73-93. 

Sundar, S. S., Brown, J. & Kalyanaraman, S. (1999). Reactivity vs. interactivity: 
Impression formation effects of message contingency in political web sites. 

Paper presented to the Communication and Technology Division at the 
International Communication Association, San Francisco, May. 

Tripp. S. D. & Roby, W. (1990). Orientation and disorientation in a hypertext 
lexicon. Journal of Computer-Based Instruction 17 ( 4), 120-124. 

Walther, J. B. (1994). Anticipated ongoing interaction versus channel effects on 
relational communication in computer-mediated interaction. Human 
Communication Research, 20, 473-501. 

Westley, B. H. & McLean, M. (1957). A conceptual model for communication 
research. Journalism Quarterly 34, 31-38. 

Wicks, R. H. (1992). Schema theory and measurement in mass communication 
research: Theoretical and methodological issues in news information 
processing. In S. A. Deetz (Ed.), Communication Yearbook 15. Newbury Park: 
Sage. 

Williams, F., Rice, R. E., & Rogers, E. M. (1988). Research methods and 
the new media. New York: Free Press. 

Woodall, W.G., Davis, D.K. & Sahin, H. (1983). From the boob tube to the black 
box: Television news comprehension from an information processing 
perspective. Journal of Broadcasting, 27, 1-23. 





34 



Interactivity as a Cognitive Process 



Figure 1 

A typical interactive process 
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Figure 2 

Interactive Information Processing Model 
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Table 1 

Predicted Interactive Behavior Levels 



High Web use 
Low Web use 



Exploratorium Why Files 

Highest Middle 

Middle Lowest 



Table 2 

Interactive Behavior Levels 





Exploratorium 


Why Files 


High Web use 


51% 


28% 


Low Web use 


43% 


24% 





Table 3 

Elaboration levels 






Exploratorium 


Why Files 


High Web use 


54% 


35% 


Low Web use 


47% 


48% 
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Table 4 

Information Processing by Web Site 





Exploratorium 


Why Files 


Rehearsal 


26% 


39% 


Elaboration 


51% 


42.5% 


Orientation 


23% 


18.5% 




100% 


100% 




(n=1016) 


(n=1263) 




X 2 =43.7, df=2, p<.001 





Table 5 

Information Processing by Web Use 





High Use 


Low Use 


Rehearsal 


38% 


29% 


Elaboration 


42% 


50% 


Orientation 


20% 


21% 




100% 


100% 




(n=1010) 


(n=1269) 



X 2 =20.5, df=2, p<.001 
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Table 6 

Information Processing by Interactive Behavior 





Activity 


Non-Activity 


Rehearsal 


19% 


37% 


Elaboration 


45% 


50% 


Orientation 


36% 


13% 




100% 


100% 




(n=992) 


(n=1741) 



X 2 =213.5, df=2, p<.001 



Table 7 

Information Processing by Web Site by Interactive Behavior 





Exploratorium 




WhyFiles 






Activity 


Non-Activity 




Activity 


Non- 












Activity 


Rehearsal 


21 


30 


Rehearsal 


21 


45 


Elaboration 


48 


53 


Elaboration 


36 


45 


Orientation 


31 


17 


Orientation 


42 


10 



41 

ERIC 



38 



Interactivity as a Cognitive Process 



Table 8 

Information Processing during Interactive Behavior by Web Use 





High Use 


Low Use 


Rehearsal 


25% 


19% 


Elaboration 


42% 


43% 


Orientation 


33% 


38% 




100% 


100% 




(n=384) 


(n=409) 



X 2 =5.0,df=2,p=.08 



Table 9 

Information Processing by Year 





1997 


2000 


Rehearsal 


23% 


30% 


Elaboration (including 

evaluations) 


38% 


48% 


Orientation 


39% 


22% 




100% 


100% 




(n=2790) 

X 2 =191, df=2, p<.001 


(n=2733) 
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Breaking Up News— An Investment in the Future? 

Correlations among hypertext comfort, user satisfaction and perceived credibility 

Introduction 

Since newspapers went online via the World Wide Web in the early 1990s, most 
online newspapers simply have provided electronic copies of printed news (Deuze, 2001; 
Gubman & Greer, 1997; Harper, 1996; Martin, 1998; Rich; 1997). Perhaps burdened by 
efforts to add multimedia and interactive services to their Web sites, online news staffs 
have not experimented actively with presenting text in nonlinear formats that make it 
possible for users to navigate stories by association, choosing reading paths most 
interesting to them or most relevant to their information needs. Tremayne (2000) found that 
“if there is a general trend toward the greater use of nonlinear storytelling, it is most 
apparent at the broadcast company Web sites” (p. 19). If nonlinear formats prove more 
satisfying to online news consumers in the long run, the newspaper industry might regret 
not having experimented more with nonlinear formats— especially if newspaper readers 
have turned instead to broadcast news sites. 

Only recently have communication scholars (Huesca et aL, 1999; Mensing et al., 
1998; Vargo et al., 2000) started to explore the viability of hypertext for online newspaper 
journalism. A considerable amount of research on Web use (Morkes & Nielsen, 1997; 
Spool, 1999; Stanford & Poynter, 2000) has found that users focus on text over graphics. 
This finding suggests that it is crucial to consider questions about the effectiveness of 
hypertext for delivering news in text form. User focus on text might be advantageous for 
online newspapers: Notwithstanding the importance of photojournalism to newspaper 
journalism, the bulk of newspaper content is text. 
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This paper aims to offer a basis forjudging how worthwhile it might be for 
journalists to try out different story formats. It does so through exploring the degree to 
which users’ comfort with hypertext correlates with user satisfaction, perceived story 
credibility, recall, accuracy, and the amount of a story users read. The data come from a 
study (Berger, 2001) that tested and compared the effects of two story formats (one linear 
and one nonlinear) on these five variables. 

Literature Review 

The literature on online journalism suggests that hypertextuality is an essential 
characteristic of online journalism (Deuze, 2001). Yet, few studies address the role that 
hypertext can play in delivering news online effectively. Hypertext is information presented 
as linked network of brief self-sufficient text blocks or reading units that computer users 
may navigate in a nonlinear fashion (Keep et al., 1995; Landow, 1992). The network of 
texts offers users multiple paths through it and therefore multiple experiences of 
information (Guay, 1995). Often, hypertext is combined with multimedia components to 
form hypermedia. This study benefited from the insights provided by some literature and 
research on hypermedia (Berry, 1999; Fredin, 1997; Tremayne, 1999, 2000), but its focus is 
hypertext. 

Bush (1945) was one of the first researchers to conceive of an automated nonlinear 
text system similar to current implementations of hypertext. It was not until the 1960s that 
Nelson and Engelbart designed and created computer systems that implemented some of 
Bush’s notions of linked texts (Landow and Delany, 1990). Nelson (1990) has argued that 
hypertext improves the representation of thought since it can embody all the 
interconnections an author, or many authors, can think of. Hypertext enhances the user’s 
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experience of those interconnections because of the immediacy with which linked texts can 
be called into view. 

The order in which authors present information in hypertexts is most often referred 
to as “nonlinear” or “multilinear.” 1 The nonlinear order of hypertext contrasts sharply with 
the linear order of printed texts (Bolter, 1991; Pang, 1998). For example: A typical 
newspaper article is a linear path of text, offering one pathway paved by the journalist (or 
journalists). Although readers may read the article by skipping along the path in a different 
order than the one already paved, they still must move along the established path when 
trying to locate information they find interesting. The path remains fixed. 

Most often, newspaper articles appear in the “inverted pyramid” narrative format 
(Fitzgerald, 1996) commonly taught in journalism schools. The narrative begins with the 
conclusion and gradually offers detail and background information. Readers who enter at 
the fixed entry point (the top) can stop at any point and still come away from the article 
with the most important information (as defined by the journalist). However, no matter 
where readers enter the narrative, they cannot affect the fixity of the printed form. 

In contrast to paragraphs or story sections in a linear narrative, screen-based 
hypertext pages are not bound in a single sequence. Nielsen (2000) has argued that 
hypertext should not be used to present long, detailed articles in linear fashion because 
in-depth background information or information of interest to a subset of readers can be 
relegated to secondary pages. This ability to relegate background or additional information 
to subsidiary pages changes the authoring process. 



1 While the author of this paper feels that “multilinear” is a more accurate term for 
describing the order of hypertext, “nonlinear” is used throughout this paper in order to 
communicate a clear contrast between the two treatment groups (linear vs. nonlinear) in 
the experiment. 



3 



46 



